Since the first outbreak of avian influenza A(H7N9) virus in humans was identified in 2013 [1] , subsequent seasonal epidemic waves have been documented in Mainland China [2] , resulting in 793 confirmed cases and 319 deaths as of July 19, 2016 [3] .
Prior studies have consistently identified poultry exposure, including direct and indirect contact with poultry, and visiting live poultry markets (LPMs) as risk factors for infection [4] [5] [6] [7] [8] .
However, during the epidemic's first wave, exposure to poultry in backyard flocks was not found to be a significant risk factor; at that time, LPMs appeared to be the main source of human infections [6] . These findings have provided scientific evidence needed to design effective control measures. Live poultry market closures occurred in most areas affected by the A(H7N9) virus, including temporary closures in Jiangsu, short-term monthly closures in Guangdong, seasonal long-term annual closures in Shanghai, and permanent closures in the main urban areas of all cities in Zhejiang [9] [10] [11] . Although studies demonstrated that LPM closure effectively controlled disease [11, 12] , the associated economic burden for the poultry industry, including poultry owners, workers, transporters, and even customers, was substantial.
Further research is needed to identify more specific risk factors for A(H7N9) virus infection, leading to increasingly targeted disease control measures that have less economic impact on China's poultry industry. We conducted a matched case-control study during the third wave of the A(H7N9) outbreak, October 1, 2014 to April 30, 2015, to verify known risk factors for infection, examine whether the epidemiology of A(H7N9) has changed since the first wave of infections in 2013, and to determine more specific additional risk factors that might guide targeted disease control in the future.
METHODS

Study Design, Participants and Definitions
We conducted a matched case-control study. Consistent with prior studies, we defined a case as a person with laboratoryconfirmed A(H7N9) virus infection verified by real-time reverse-transcriptase polymerase chain reaction assay, viral isolation, or serologic testing [6, 13] , reported from October 1, 2014 to April 30, 2015 in mainland China. All suspected A (H7N9) infections in humans were reported to the China Center for Disease Control and Prevention (CDC) through the National Notifiable Surveillance System. The first A(H7N9) case of the influenza season and the first case in the calendar year in each province were confirmed by laboratory testing at China CDC; subsequent cases were confirmed by provincial CDCs. Because LPMs have a greater number and variety of poultry (eg, chicken, duck, geese) than households raising poultry in their backyards, LPM poultry workers have more specific known risk factors for infection compared with other populations, including persons who raise backyard poultry at home. Therefore, we excluded LPM poultry workers given their unique exposures, which may limit comparability with other confirmed cases. We also excluded cases with insufficient epidemiological data, due to death or incomplete original field investigation reports, and those who refused to participate.
We randomly selected up to 4 matched controls for each case using local population registries. Details of control selection are presented elsewhere [6] ; in brief, eligible controls were persons who were matched with each case by sex, age (±3 years for cases ≤85 years of age and ±5 years for cases >85 years of age), and residential community, defined as where the case was living for the 3 months before their illness onset. We excluded control subjects who refused to participate, or those who reported a fever or acute respiratory illness (defined as new cough or sore throat) during the 7 days before or after the date of the matched case's illness onset.
Data Collection
Investigators from China CDC were trained to collect data using a structured questionnaire. The questionnaire was pretested in Anhui and Fujian provinces in April 2014 and revised by China CDC based on pilot findings. Information collected included demographics, residential setting (urban vs rural, with urban areas defined as cities, towns, and suburbs, and rural areas defined as villages and countryside), underlying medical conditions, smoking status, and handwashing frequency (defined by number of times the subject washed their hands per every 10 contacts with poultry: occasionally, <5 times; sometimes, 5-8 times; or often, >8 times).
We collected detailed exposure information from each participant for the 10 days before the case's date of illness onset. Exposure information included details about behavior in LPMs such as number of visits, activities engaged in during market visits, and direct or indirect contact with live or fresh slaughtered poultry or poultry products. Direct contact was defined as physical contact with poultry or related biologic matter (including blood, internal organs, eggs, secretions, feces, or poultry cages) without the use of personal protective equipment, whereas indirect contact was defined as being within <1 meter of poultry or poultry products without having any physical contact. The activities during market visits focused on exposures to the live poultry stall such as passing by without stopping at the stall or stopping at a stall to look at, select or buy poultry, and exposure to a slaughtering stall or to a defeathering machine at the stall, regardless of whether the slaughtering/defeathering machine was running. We also collected information about poultry exposure at home, including information on raising poultry, exposure to sick or dead poultry, and source of backyard poultry and/or poultry products. In addition, we asked whether the subject had exposure to a person with acute respiratory illness, had visited another house where poultry was raised, and whether household members had visited a LPM or had contact with a poultry worker.
Study investigators used structured questionnaires to conduct face-to-face interviews with the participant or with a proxy for children <18 years of age, fatal cases, or cases who were severely ill and unable to respond. For all cases, original field investigation reports completed during the public health emergency response served as supplementary sources of information.
Statistical Analysis
The Wilcoxon test was used to compare median age and range between cases and controls, and a χ 2 test was used to compare frequencies of demographic categorical variables. Conditional logistical regression was performed for univariate and multivariate analysis. Stratified analysis, nonconditional logistical regression, and Fisher exact test were used when appropriate. For the multivariable analysis, we included variables with a P value of <.1 in univariate analysis and additional variables based on biological plausibility and our study hypotheses. To examine the effect of proxy use on reported smoking status, we performed a nonconditional logistical regression analysis stratified by whether a study participant required a proxy. Variables with a P value of <.05 in the final multivariable model were considered significant. Data were analyzed with SAS 9.1 (SAS Institute Inc., Cary, NC).
Ethics Statement
This study was approved by the China CDC Institutional Ethics Review Board and received a nonengaged determination from the United States CDC. Written informed consent was obtained from all study participants before data collection.
RESULTS
Study Participants
From October 1, 2014 to April 30, 2015, a total of 197 confirmed cases were identified in 11 provinces (Guangdong, Fujian, Zhejiang, Jiangsu, Anhui, Xinjiang, Shanghai, Hunan, Jiangxi, Shandong and Guizhou). We enrolled 85 (43%) cases from Fujian (32), Guangdong (18) , Zhejiang (17) , Jiangsu (14) , Hunan (2), Shanghai (1), and Jiangxi (1) provinces. Nine cases who were poultry workers were excluded, and 62 fatal cases without detailed exposure information were also excluded. There were no significant differences in the demographic characteristics of the 28 included and the 62 excluded fatal cases (Supplementary Table 1 ). We also excluded 41 cases who refused to participate. Overall, the proportion of male cases was significantly higher among the 103 excluded nonpoultry worker cases than among the 85 included cases, but there were no other significant differences by age, residential setting (rural vs urban), underlying medical conditions, exposure to LPM, and exposure to backyard poultry (Supplementary Table 2 ). Interviews and case-related data collection were conducted a median of 80 days (range: 2-145 days) after the date of illness onset of the case.
Three hundred thirty-four controls were selected: 81 cases had 4 controls, 2 cases had 3 controls, and 2 cases had 2 controls. Cases and controls were similar in demographic features, including median age (53 years vs 54 years, respectively), sex (62% male for both cases and controls), and proportion living in an urban setting (52% vs 51%, respectively) ( Table 1 ). The proportion of cases requiring a proxy was significantly higher than among controls (31% vs 10%; P < .01). When compared with cases that did not require a proxy, cases that required a proxy reported similar proportions with underlying medical conditions (44% vs 50%; P = .61) and LPM exposures (78% vs 81%; P = .77). Person who works in company, industry or institute
19 (22) 47 (14) Retiree 17 (20) 68 (20) Farmer 11 (13) 68 (20) Business service personnel 9 (11) 60 (18) Children before school age (<7 years)
4 (5) 14 (4) Other c 4 (5) 23 (7) Boldface indicates statistical significance with P < .05, and those variables with P < .10 were included in multivariate analyses for the initial model. a Median age of cases and controls was compared using Wilcoxon test. Frequencies of 2 groups were compared using χ 2 test.
b Urban area in our study includes cities, towns and suburbs. Rural area refers to countryside and villages. c Other occupations included food service professional (11) , independent professional (9), healthcare workers (5), fisherman (1), and herdsman (1). years were considered obese if their BMI-for-age was ≥95th percentile. BMI was calculated using self-reported height and weight. b Chronic diseases included COPD, other pulmonary diseases including tuberculosis and asthma, cardiovascular disease, diabetes, kidney disease, and rheumatoid arthritis. Tumor and hepatic disease were also included in the investigation but cannot be analyzed because of the small value. All chronic diseases were diagnosed by medical institutions at the county level or above. Hypertension and hypercholesterolemia were not included as chronic diseases in this analysis. c Immunosuppressive medication was prednisone.
d Nonconditional logistical regression was used because of limited sample size.
e We defined smoking status by asking participants to choose one of the following categories: "never smoked", "currently smoke", or "smoked in past, but quit". Those who chose "currently smoke" or "smoked in past, but quit" were defined as current/ previous smokers. f Handwashing habit was defined as the frequency of handwashing per 10 times of contact/ exposure to poultry (occasionally, <5 times; sometimes, 5-8 times; often, >8 times). Table 2) . Cases were significantly more likely than controls to have chronic obstructive pulmonary disease, other pulmonary diseases including tuberculosis and asthma, cardiovascular disease, or diabetes, and were more likely to be taking immunosuppressive medications. We did not identify a significant difference in obesity between cases and controls.
Other statistically significant differences between cases and controls included being a current/previous smoker and handwashing behavior (Table 2) . Controls were more likely than cases to wash hands often after contact with poultry and to use soap when washing hands. The proportion of current/previous smokers among controls (40%) was significantly higher than among cases (25%) (mOR, 0.32; 95% CI, .16-.65).
Exposures
Cases were more likely than controls to have visited a LPM in the 10 days before the case's illness onset (79% vs 44%; mOR, 9.2; 95% CI, 4.3-20.0); however, among cases and controls who had visited a LPM at least once during this timeframe, there was no significant difference in the frequency of their visits (Table 3) . Among those who had visited a LPM, the proportion of those who had passed by a live poultry stall without stopping at a stall d Fresh slaughtered poultry was poultry sold in LPM after being slaughtered in the central processing factory on the same day, usually without frozen storage.
e Nonconditional logistical regression was used due to the small sample size.
f Indirect contact was defined as having no physical contact with poultry but being within a distance <1 meter of poultry.
g Having contact with a poultry worker was defined as direct contact with a poultry worker regardless of whether the case/control had also visited a LPM.
h Visiting another house where poultry was raised was defined as visiting such a house regardless of whether the case/control also raised backyard poultry at home.
was similar among cases and controls (37% vs 42%), whereas more cases than controls had stopped at a live poultry stall to look at, select, or buy poultry (48% vs 24%; mOR, 3.6; 95% CI, 1.6-7.9). Cases were more likely than controls to have had direct contact with live poultry (52% vs 22%; mOR, 3.4; 95% CI, 2.7-16.6) at a LPM. Thirty-one cases and 36 controls provided information regarding exposures to slaughtering or defeathering; no significant difference in exposure to a live poultry slaughtering stall or a defeathering machine was observed.
There was no significant difference in indirect contact with poultry at a LPM between cases and controls. Twice as many cases as controls had raised backyard poultry at home (28% vs 14%, P < .01). A nonconditional logistical regression analysis stratified by visiting a LPM showed that the proportion of cases raising backyard poultry at home was significantly higher than that of controls in both those subjects who had visited a LPM and those who had not (24% vs 12% among those who had visited a LPM; OR, 2.3; 95% CI, 1.1-4.8; 44% vs 16% among those who had not visited a LPM; OR, 4.2; 95% CI, 1.5-11.4). Cases were more likely than controls to have direct contact with backyard poultry (54% vs 29%; mOR, 5.0; 95% CI, 1.3-18.9). Five (21%) of 24 cases with backyard poultry reported that their poultry was purchased at a LPM within 2 months before illness onset, compared with 5 (10%) of 48 controls (P = .37). A higher proportion of cases than controls had slaughtered live poultry bought from a LPM at home (6% vs 2%; mOR, 3.9; 95% CI, 1.1-13.4).
Among the other exposures investigated, including visiting other houses where poultry was raised, having contact with a poultry worker, exposure to a person with acute respiratory illness, and having a household member visit a LPM, cases were more likely than controls to have contact with a poultry worker (12% vs 5%; mOR, 2.8; 95% CI, 1.1-6.8).
Multivariate Analysis of Risk Factors
All variables included in the final multivariable model are listed in Table 4 . Visiting a LPM in the 10 days before case's illness onset (adjusted OR [aOR], 6.3; 95% CI, 2.6-15.3) remained significantly associated with increased risk of disease. Whereas visiting a LPM, both stopping at a live poultry stall (aOR, 2.7; 95% CI, 1.1-6.9) and having direct contact with poultry (aOR, 4.1; 95% CI, 1.1-15.6), was a risk factor. In addition, raising backyard poultry at home (aOR, 7.7; 95% CI, 2.0-30.5) was associated with increased risk of illness in the final multivariable analysis, and having direct contact with backyard poultry (aOR, 4.9; 95% CI, 1.1-22.1) was also associated with increased risk of illness.
Another factor that remained significant was having ≥1 chronic diseases (aOR, 3.1; 95% CI, 1.5-6.5). Being a current/ previous smoker (aOR, 0.32; 95% CI, .13-.79) was associated with decreased odds of disease in the final multivariable analysis. Smoking no longer had a significant protective effect when cases and controls were stratified by proxy use (Supplementary Table 3 ).
DISCUSSION
Our matched case-control study of the third wave of A(H7N9) virus infections confirmed that LPMs remain a major source of human infection with avian influenza A(H7N9) and that underlying chronic medical conditions increase risk of symptomatic infection. More importantly, in contrast to studies conducted when the virus first emerged in 2013 [4] [5] [6] [7] [8] , we identified that raising and having direct contact with backyard poultry was also associated with increased risk of infection. These findings suggest that the epidemiology of this emerging infection is shifting, with important implications for the control of this disease.
In our study, 24 (28%) cases and 48 (14%) controls stated that they raised backyard poultry at home. Both stratified univariable analysis and multivariable analysis determined that raising backyard poultry was one of the factors associated with increased risk of illness. Raising backyard poultry was not determined to be a risk factor for illness in the prior large case-control study of A(H7N9) virus infections, which used similar methods and questionnaires to the current study [6] . However, backyard poultry exposure has been associated with A(H5N1) virus infection, which has been identified in China primarily in rural areas [14] . According to prior epidemiological analyses of A(H7N9) cases, although visiting a LPM was identified as the key risk factor for infection, the proportion of cases living in rural settings has increased with each subsequent wave Boldface indicates statistical significance with P < .05, and those variables with P < .10 were included in multivariate analyses for the initial model.
Abbreviations: CI, confidence interval; LPM, live poultry market. a Visiting a LPM in the 10 days before case illness onset.
b Direct contact with poultry in a LPM included direct contact with live poultry or fresh slaughtered poultry in a LPM. c Chronic diseases included chronic obstructive pulmonary disease, other pulmonary diseases including tuberculosis and asthma, cardiovascular disease, diabetes, kidney disease, and rheumatoid arthritis. All chronic diseases were diagnosed by medical institutions at the county level or above. Hypertension and hypercholesterolemia were not included as chronic diseases in this analysis. d We defined smoking status by asking participants to choose one of the following categories: "never smoked", "currently smoke", or "smoked in past, but quit". Those who chose "currently smoke" or "smoked in past, but quit" were defined as current/ previous smokers.
of the outbreak [6, 15] , possibly due to increased exposure to backyard poultry among residents of rural areas [16] . The higher proportion of rural cases identified in later waves suggests that the epidemiology of A(H7N9) virus might be changing, which has important implications for the control of this disease. Our study also suggests that infection among poultry is not limited to LPMs and may be increasing among backyard flocks, indicating that intensified surveillance of these flocks is warranted. Because A(H7N9) virus does not usually cause symptomatic illness in poultry, it is difficult to detect and stop the silent spread of the virus among poultry populations. Despite the implementation of control measures, human infections with A(H7N9) virus spread geographically in mainland China from the first to the second and third waves of the outbreak [15] . Although a large proportion of poultry is produced and distributed throughout China through integrated industrial production systems that bypass LPMs, LPMs have been identified as important reservoirs and amplifiers of avian influenza virus, including A(H7N9) [4, 5, 9, 17, 18] , and sources for the persistence and reintroduction of infection [19] . Most measures to control and prevent avian influenza outbreaks, such as LPM closure, have been implemented in urban areas, where poultry production and distribution involves less movement between the markets and backyard flocks than seen in rural settings. Still, raising backyard poultry in rural areas is an integral part of one of China's 2 largest poultry-producing systems [17] , and the possibility of spread from poultry in urban LPMs to poultry in rural settings should be considered. In general, poultry sold in LPMs are provided by large commercial companies or individual commercial poultry traders. Some commercial companies have their own centralized large-scale poultry farms. As in other developing countries, however, some companies and almost all individual traders purchase poultry raised in flocks managed at the individual household or village level in rural areas [20] . At the same time, rural households that produce poultry also consume poultry [21] , and they may consume poultry that comes from LPMs. Thus, there is a circular path of poultry trade: from LPMs to backyard flocks, back to LPMs. This urban-rural intermingling of poultry and what appears to be a newly increased risk of human infection from backyard poultry flocks highlights the need to strengthen surveillance for avian influenza in rural areas and perhaps establish pilot interventions to prevent transmission of avian influenza to and from backyard flocks. However, for disease control, closing LPMs in large cities may still offer the most practical solution given the vast numbers and remote locations of backyard poultry farms in small towns and rural villages throughout China.
Consistent with prior studies [4] [5] [6] [7] [8] , visiting a LPM was associated with increased risk of disease, but there was no doseresponse relationship between the frequency of LPM visits and the risk of infection, although we likely lacked the sufficient power to detect such a relationship. In our study, more detailed risk behaviors during LPM visits were identified. Among those who visited a LPM, stopping at a live poultry stall was identified as a risk factor, whereas passing by a stall without stopping was not associated with increased risk of illness. However, our findings indicate that even though there appears to be some distance around the live poultry stall in which the risk of transmission is increased, merely going to a LPM without having direct contact with poultry or stopping at a live poultry stall increased infection risk.
Having ≥1 underlying medical condition was identified as a risk factor for infection with A(H7N9) virus. This finding is consistent with prior studies on A(H7N9), H5N1, and A(H1N1)pdm09 viruses that found that underlying medical conditions were associated with increased risk of infection and illness severity [6-8, 13, 22-25] .
Our study has several limitations. First, although we did not identify any significant differences, other than sex, between the included and excluded cases, analyses of specific factors such as exposure to slaughtering and defeathering machines had limited power to detect an association with A(H7N9) virus infection. Second, although our study was conducted in a timely manner during the third wave of A(H7N9) virus, recall bias may still have decreased data quality because of the lag between illness and interviews. When this lag was long, interview questions could be answered using the original field investigation report as a supplementary source of information for cases, but not for controls, and thus documenting specific exposures may have been easier for cases than controls. Although there were no significant observable differences between included and excluded fatal cases, 62 (69%) of the 90 fatal cases were excluded because of insufficient information. Our study may not have sufficient power to detect risk factors specific to fatal cases. In addition, the use of proxies was more common among cases (31%) than controls (10%). These limitations may have impacted our study's smoking-related findings. We were surprised to find that current/previous smoking was associated with decreased risk of illness in the univariable and multivariable analyses. However, smoking no longer had a significant protective effect when cases and controls were stratified by proxy use. Proxies may have been more likely to classify a respondent as nonsmoking. Furthermore, we were unable to collect smoking information from excluded fatal cases, and we do not know whether a higher proportion of these fatal cases were current/ previous smokers than nonfatal cases, which could be a potential source of bias. Although it was not verified in this study, numerous prior studies have identified smoking as a risk factor for influenza infection and increased severity of illness [26, 27] .
CONCLUSIONS
In addition to risk factors identified in prior studies such as direct contact with poultry in LPMs, visiting LPMs, and having underlying medical conditions, we identified 2 new factors associated with increased risk of infection with A(H7N9) virus: raising backyard poultry at home and having direct contact with backyard poultry. This finding reflects a potential change in the epidemiology of the A(H7N9) virus from a primarily urban outbreak to one that extends into rural settings, and it highlights the need to strengthen surveillance for avian influenza in rural areas and to pilot culturally and economically appropriate interventions aimed at reducing avian influenza transmission among backyard poultry.
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